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Abstract © From spring, 1996, 10 early spring, 2000, gcoidene-ilted and ingured white-tailed desr, Odocoflens

virgisicanms, v the Binerraot Volley of
abnormalities of the Bitiersact Wikdlife Re
spspthy v f

wislersi

vy 28 were F iy T3 s v awe ovd 92 ware ]
rerining 63%% shawed varying degrees of apparent genital developmental wemalies, sp
arale and eetopie festes, amd thiy pereentage held through off axe

est-ceniral, Mowtang, US4, weee eoflocred wnd exasined for genind
wibilitation Center. Of the 234 sude deer examined, 133 were fivvny oged 3
%ot ¥ et of age Approvimately 3V were novmal; the

tinedd st
o3 cirred

Toaih i
wroups, The sex

Jeruses was shewed towards males, sipnificantly 5o for the 1998 fows cohirt and For the domel of off faens o Fetixer
in the sy, Afthoiph pws:ri:k cangies of the Q’)}?z{{zf anomalies, ventering wn endvoring disrupting pesticides, are

discinsed, no conchions of conse sl off

vof vak be dwrrently justified,
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Introduction

Thiz paper summarizes observations of
unexpectedly  ligh  numbers  of  genital
abnormalities In male  white-tailed  deer,
Odocaitens virginianus, recorded at the Bitterraot
Wildlife Rehabititation Center in Ravalli County,
Mantana, USA, For the § year period bewiﬁning
in Janmary, 1996 and ending in March, 2000,
approximately 273 of the male deer bmngm inio
the center had genital abnormalities of some
degree, in contrast 1o no similar anomalies
observed  during  the preceding  [§ years
Although no cause is assigned, the influence of
pestivides  and  other  endocrine-disrupting
compounds  {(EDC’s}  must be seriously
considered in light of kocal herbicide spraving of
voadsides and apricoltural fHelds. In addition,
seasonal long—range deift of herbicides and
fungicides s Hkely to tmpact the study aren
during the passage of weather fronts, especially
from areas of intensive cultivation to the south
and west dn Idubo, Oregon, and  eastern
Washington,

Many  organic compounds  have
molecular simctures that allow them to bind w

the nuelear receptor superfamily (Weatherman or
al., 19%9), When this happens, disruption of the
nermal activity of a varisty of hormones can
ocour. Examples are sex hormones, glico— and
mimeralo-corticoides, and  vilmin D) some
pesticides can also react with thyroid hormons
and vitamin A receptors {Rolland, 2000). Anong
hundreds of pesticides in recent or current use,
many are weak estrogenic or  androgenic
compounds that can ot 45 agonisis or antagenists
to estrogen and androgen receptors [Colborn e
pf, 1993, 1995 Gray o ol, 1999) Dadoorine
effects can alse oceur when pesticidal compounds
interfers with blochemical reactions of synthesis,
degradation, or conversion  of  endogensus
hormones (Van Der Krask o of, 1998
Importantly, if exposure (0 ong or more of these
EDCTs oceurs in gestation during eritical periods

of organ development, a variety of developmental
abnormalities can result {(vom Saal ef of., 19923,

Although identifying o particular cause
tor observativns i a post hoo data report such ag
this is virtually tmpossible, especially when the
abservations cannot be made untit wecks or
months have elapsed since the causative esvent,
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wihink 31 i bnportant o prasent z's findings for
ewr-i remsong, Aanong them s the mhxemz;xjs
possibiliny that the human popilation in the study

developmental problem. Also this is apparently
the  only  report of  widespread  genital
abnoemaiities by population of wild ungulates.

Blaterials and Methods

The study area : Ravalll Coonty, Mostana, i In
the far western sector of the state, approx wimately
FEe dmn betwesn the northem and southem state

fing ’iu wost prominent geographic featore
E fereoot Valley (BY), formed by nort §w
flowing X?m erroot River, bounded ou the west by

the Bitterroot Mountain Range, with peaks
3030 M, aed on the east by the Sapphire Range,
with peaks near 2700 M. Both mnges we
fovested, while the valley ooy (under 150 M) 15
agricultural  and  residential,  with  extensive
riparizn  vepetation slong the river and Hs
fributaries.  White~tailed  deer,  Cdorsiiens
virginioar, arg abundant oo the walley Hoor A
mafor highway with heavy traffic ms nosth and
souih throwgh the valley: another less vsed northe
south bighway parallels the first in the northern
hadf of the uij.[b}n, and g network of secondary
roads serves homes and ranches throughowt the
BY. Deer-cir collisions ecour frégquently on the
.hiygi'm-’:r-»" and the seecndary rosds and atvount
for g stanilicant number of deer mortalities,

n..w

Collection of data  Sinew its begioning in 198G,
the venter hag received many of the deer killed v
frfured along the valley roads, using the carcasses
as food for camivores uadergoing rebabiliation.
I addition, orphaned and injured fawnos are often
hrought to the venter. I the course of bulthering
the carcasses of road-killed animals or those
whose njuries precloded their survival, 1t was
aoted that wgnifivant numbers of the male fawns
bors fo 1995 had walformed and ondersized
serots, often with ectopie testes  positioned
against the body wall just dorsad to the sorotuny

Beginning in spring, 1996, through early
sprivg, 2000, the vonditiorn of the exterl
gendtalis of all male dewr brought {o the center
wiss deseribed wnd recorded. Sorotum length was

may be vulnerable 1o the same type of

Fudith A Hoy et o,

faken Trom the base of the scrotum st the left
side o its most dissd point, Abacrmally small
stroda In deer aged 1 vewrs or older were
conservatively categmwized as those under 45 mim,
based on s normal testis length of T80 mm
msmsured fn B oadults with normad testes, In 10

Juvenile deer {3 months o one yroof age) with

pormal appearing genitalia, tostis length was 45
mm o greater; therefore sorota less than 23 i
were conservatively constdered abuormally
m this age claxs, Small sorota wers of
accompanied by abervant location and aligmment,
and i the abuormal position of the testes. These
types of anomalies were also recorded.

The year of birth of study animals was
determined by examdning the tooth eroapticn of
each animal after methods outlined in Mosby
{19635 With bath yenr of bivth and day of death
{4+ Zdaya) knowy, age detsrmination was acourate
o within one month. The number and age of
acoident-killed  females was  also  recorded,
although  snatomieal  observations  are  not
wduded in this report.

During the 15-yeur periad from 1980 w
1004, & conservalive éstimate of 25 accident-
kalled, male white-tailed deer per vesr were
provessed in the rehabilitation center, Hecords of
seredum size and estes position were not kept

during this peviod beoause genital abuornmalitios

were uot apparent.

Fesults and Discussion

Abnormalities by sive and plocement of
serota, and in the position of testez, sre deseribed
and delinesied in Tables 1.2, wnd 3 for 254 deer

%

i thres age groups @ faws (3 woaths W Lok
Juveniles (1 1o 1% vl and adults (1% 0 3 yisl

¥

Differepces in categories between dhe 3 tables
arise from ase and sive diffirences In the
animals.  The  partern,  however, I clear
Approximately 1/3 of the animals in each group
hud noemal sérota with testes fully contained
within them, when swomed for the entive study
period; the remaining 273 showed soune degree of
genital  sbuormality,  Figo 1 shows  owr
observations by age class grouped for the entive

£

study period, with status of the genitals combined
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Table~ 1 ¢ Position of serstun and testes inavcidem-killed whitetailed desr
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transversely: and the right hemisorotum testiv,  Dissection  of  seversl  asimals
undersized and not enslosing the corresponding representative of this condition revealed that the

Table -2 ¢ Condition of scrotom g festes iy accilert-killed white=tatled deer, goe 1 w0 19 sy, Ravalli County,

hvstang,
iomiitinn of seritun ond tesig Year
Bp--97 9T GE-{H Total Y
Kordur short, fostos potopic (et buds wall) 7 1 il B 28
Cine hemisorotun waderdeveloped, oie tstls & { { & 21
gt
ooy rotated,  seplem perpendicudar 3 i { 5 17
R Ry R
ol with shoormalites {15 {23 iy 19 {66}
Serotdrm siewnd position normad 3 l 4 g 34
Total # % 5 25 o
left spermatic cord was rowtsd anterioerly arcund distribution of normal vs. sbnoemal across all uge
are ingeinal  bvinph node  before B passad classes for each of the 3 date-collection years did
posten mi} through the mguinal canal, y:mti that not indicals significant diffowees {p > 0030
the point of atachment of both right and left classes for euch of the 3 dets—cellection years did
gubernaculn was variable, usually not at the apex not indicate significant differsnces {p > 0.05)

of the sorofam, : . v e o
The sex ratio {Table 4) of fotoses and

fawns combined, summed for the eatice study

peripd and mf;iwud by el square test, wsing an
Y2 wr ol gxpected ratio st bivth of 100 females o 11O
; o deer males, wag kewad smniac‘zm%} toward males

{130 females to 185 mal es, p o~ 0.023 The fes
ratio for the ii‘u’m yemrs of date collgotion wag 22
fermales to 35 mades, while the fawn ratin was
108 to 1530 The only individual cohort for which
the ratio was significantly different was the
Fawn/1996-47 group (35 fermales o 55 muley,
pelt 033, The observations reported hersin are
clearly an experiment of nature, probably abetted
by aetions of human ongin, Prior fo 1995, there

Fig, T Rotitted sorotim an 1% v whitedaited old deer. Tha wis wo evidency of penital abuormalitiss in deer
testes were patopic, and the sorotal seplum is braought to the relabilitation ventsr, Moreover a

serpelisuiar b the animads widling. P
preprpdivatar v the animal’s midiine binloaical and disease sssessment ui tha v

fntled desy pe fulationy on the nemby Les Meteal!
Mational Wildlife Refuge was condusted T
Dlecsmber, i%? o Jamuary, 19820 Thew 5 no
mention of genital abuormal sy the 9
male deer examingd in this careliul  study,
although  a  sumber of  other pathological

Twy by thres contingsney Tables were
used o compare distributions of pormal s
abuprmal for the three age classes by wear in
199697, & fawas were normal fn o toil of 534, 4
highly signifieamt difference {cht square=183,
prfd, 001 frovn fowns dn 199798 (28 murmal ow

O 49 mgd TUR0-2000 010 normal out of 303 The

RN

1 g
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Genital abmarmadtiss In Odvenilous © Pextivide exposnre v & possible eouse. 19%

vonditions were noted In the final repmt (O
Gara, 1992},

The abaormally small serota in our study
animals could rosolt from failure of the testes o
descend fully and thus expand the skin enclozing
the pouch, or from a problem in formation of the
soredum per se. Ino many cases one of both festes
were positioned against the body wall while the
serofum was mply. In ather cases testes partially

Fig. 3 votated sergbn on 1% v old white-teile seer, The
led tostis was fully enclosed i the seroman; the right
Testis was sotopic, against the body wall, Halr wag
shaved off for better vigwing,

filled one or both hemiserota, indicating that their
descent was not complele, possibly because the
attachment of the gubemaculum to the serotum
was abpormally positioned.

Assigning one or mors causative {actors to our
phservations would neeessarily be a reteospective
exercise lacking verifiable evidence and thus
virtually impossible, Ankley and Giesy {1998)
discussed the diffienlyy of brmgmg a weight of
evidence argument to fruition in studying w.x!.x:ﬁ. life
populations that are apparently impacted by
xenobiotic  chemicals.  Newertheless,  the
morphological  anomaliss  described  are
charavteristic of dismpted organogenesis during
the gestational interval when male sex organs and
aceessory structures are developing (vinn Saal ef
@l 1992y, I the anomaliss did result from the
actiom of xenobiotic chemicals, it would seem
that their bupact was most severe in the winter of
199596, since it was in the following months

after the birth of the 1996 fawn crop, that 48 of
the 54 fawns that came through the BWRC wers
abnormal. It may be of more than passing interest
that in the same period, the sex ratio of fawns

was  significantly  skewed  toward  males,

indicating a differential mortality of fomale fawns
or fetses. It van be argued that the sex ratio of
‘3{:“‘54;&:11{“1»;%316& fowns is blwsed toward malez
beoause of gender-based behaviour differences,
but the trend i the same among the fetuses, anid
even thouzh not significant, ¥t wipports the
hypothesis of higher female mortality, It is most
unforimate that in the study area, and indeed the
emtive state of Montana, records of pestivide
sdivation by year, wmount, and  chemical
species are nof wvailable; consequently we are
unably W speculate on environmental m@ acts
that may bave been responzible for the especially
severe problenis observed in 1996-97.

Beard e ol (1999} cuposed ewes in
separate groups o the erganoshloring pesticides
lindane and pentachlorophenol (Imgxkg™ body
weight=day | mixed with feed) from 5 weeks
before bregding 10 weaning of the Jambs and
continued the same dosage to the juvenile ramz
until puberty, They reported reproductive and
gndocrine effects and a slight inerease in serotum
diameter  {(PCP-ireated  ramz)  bul no
developmental  anomaliss  siilar o those
repocted  here. Gray er ol {1999) deseribe
suprainguinal, ectopin lestes dn rals oxpused
perinatally to the fungicide winclozolin, an
antisndrogen. Ecotopic tests, ooe or bath, were a
cominon observation in onr study andmals. We
are unaware of published reports on cervid fidal
ungulates exposed to BDOs, so neither we are
able to make comparisons 1o closely related
species nor can we speculate rewarding the
specific target of EDC’s in our study animals,
Nevertheless, the endocrine comtrol of  sex
differentiation  and  development iz highly
gonserved in prammals (Van Der Krak e o,
1998}, and we think that results from rodent
research may offer an important elug to the
anomalies of serota and testes in the BY white-
tailed deer,
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194 Judith A, Hoy et ol

There are multiple sourees of xenobiotic roadside herbage and in alfalfa and grain fields
chemicals in the BV, and multiple waays i which are examples of sources of xenobiotic chemicals
they can be dispersed i the envirenment. potentially available to the deer during sach of
Locally, ooty wesd control  wrews  spray the vear, Tordon® {picloram, with or without
herbicides along readsides and other “problen” 24D, depending on the formulation), and 2, 4~
arcus,  Residues of peosistent  herbicides on D Q4-dichlorophenoxyacetic acid)  are

Table — 3 ¢ Sorotum length and position of testes o sccident—killed white—{ailed deer, age 114 to 3 yry, Ravalli
Ciounty, Montan,

Conditive of seratum sad tesivs Yaear

D497 97-5% 98- Tetal S
Seratom fength = RS nom? 2 & 1 & 10
Scrotum fongth 2-43 mo® 7 2 4 13 14
Hemistrote sepavaied, length £33 fietee & B { i i
Dine bavisoridinm ned presend” 2 1 i 4 4
Serptuny dength 3 48 mon one hemiscrotum 5 i 5 5

sndrdivetopaed”

Right and left hemisvrota sopacated; Jength = 43
e, Tty hemizeretum anterior to Fight, septum 4 12 & 27 %
perpendivular fo midling, Jength & 43 frirs®
{ Total abnormaly

23 {21 {14) {54y {533
Serotuny stee wd position normal™? b 1% 3 iz 36
Totals 28 43 H 42 160
1, Dine oy both wostes sutapie (against bady wall), oAl ashmads i this category weere age o P
B Both testes fubty snclosed 4o serotusy, af. Category includes T animals age 3% or groater,

Table — 4 1 e ratio of scridens-killed white—alled deer Teluses and fawns, 1996-2000,

Females Males Total BF T Pe
Fotus, 1997 b3 ) b4 33.7 543 37
Fetus, 1998 7 % i3 487 333 (.84
Fodne, 1904 j2u 18 2% 3587 64,3 31
Total fetus 23 35 37 388 fi.4 .47
Acdidenpi-killed fiwnd
{007 32 5 &7 36,8 §3.2 .04
758 48 ) jiis 43,43 ST0 .34
FHO8-2 : i 34 [ 465 531 .91
Todal a~K fawr o8 {50 258 1.9 SK.1 . 4.5
Tt 136 5 313 41.3 587 .02

a pis probability based onochi square analysis, with expesied ratio ot birth of 100 fomales to 110 males.
b abeost 23 of aceident-billed fewns were from whicke collisions; the remaining 13 were killed
pitseel meousaceidents oreuthanised following injuries incompatible with Wi fnthe wild,

commonly wsed. Fanmers, orchardists, and U5, Forest Service uses herbivides sxtensively
ranchers spray a variety of pesticides, depending within the national forest lands bordering the
on the particular pereeived needs of each; and the valley,  Altogether, at  least 16 different

ED_001560_00009150-00006
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5

herbicides, ¥ insectichdes, 4 fungicides, and one
arachnicide have been used in the BY during the
period of this research (Johnson, 1998, personal
cornm. L

Added 1o the local sources  ave
agricuttural chesdeals that can be carried into the
study area by storm owinds from regions of
intensive cultivation in the states of Washingtion,
Crregon, and Idaho, Weather fronts typically
bring strong SE to SW winds, which change to W
and NW gz the fromt passes. Potato fislds in
sastern. Washington and  southemn  Idaho, and
gratn flelds in eastern portions of Washington
ard Ovegon, are potential sources of herbicides
ard fungicides carried by these winds to the BY.
Although muny pesticides break down rapidly,
others are more sable and persist tn the flekls
where  they were  spraved, They ocan be
transpegted long distances when strong winds
pick up pestivide-conmtaminated  soil  from
unprotected  fields, or when volatile species
vaporize and  become components of the
atmosphare, Chernyak er of (19963 reportud
evidence of a number of pestivides, some of
which probably came from the Asian mainland,
in the Bering and Chukeli Seas and associated
air, iee, and fog layers; Wilkening e ol {2000}
reported  that wind  borne  persistent  organic
pesticides transit the Pacific Doean from Asia
episodically, mostly in April and May; Seba and
Prospero (1971} found pp--DDT and pp-DDE in
trade wind acrisols enlletted W Barbados, West
Indies; and in a global sampling program,
Simonovich and  Hites ({1995) described the
worldwide  distobution of 22 crgasochlorive
sompounds found i morg than 200 tree bark
samples, In March 1998, o rainwatsr sampls
collected by JAH near Stevensville, MT, and
gnslveed by Bnergy Laboratories, Inc., Billings,
MT, tested  positive  for  the  fungicide
ehicrothalonil  (tetrachlornisoplthalonitrile), at
.03 ppb (minimumy, Below, we discuss this
partieular pesticids as g case study of 2 possible
EDC impacting the BY white~tailed deer, albeit
One among many possibiliffes

Chilorothalenil s not nsed locally but is
hewvily used to control potate blight in both

fdahe and Washington, Adthough it is relativaly
nontexic to mammals when given orally, i 13
highly toxic when inhaled and extremely toxiz to
figh, with a LT of 10-76 ppb {Cox, 1997} A
primary breakdown product, 4-hydrosytrichlopo-
wsophthalondtrile, is about 30 times more acutely

toxie  than s pavent compound and  does

extensive damage to rats in clronic toxicity tests
{Warld Health Organisation, 19963 Tt also meels
an  dmportant  criterion of  estrogen—ective
sompounds in possessing a phenolic hydroxyl
group (Welshons e of, 1998y Use of
chlorothalonil o large amoums surged duding
sumymer and fall, 1994, when late biyght fungus

growing  areas in the  West. Perbaps not
emncidently, abnormadities in the BY deer first
appeared in fawns born the following spring, It is
worth nothing that air quality in the study area i3
not impacted by nearby polluting industries, so
wa have tentatively ruled out EDC's from Toval
sources of that type.

The breeding season for white-tailed
deer in the BV is November and garly Decsmber,
With a gestation period of 27-30 weeks, the
eritical time  for sexunl  differentistion  and
formation  of  male  genitalia  would  be
approximately  fetal ape 8 weeks, thos late
Janvary ioto warly March, o period during which
focal herbivide use s nil, Pesticide exposure
during this period could come from residues
applicd locally earbier in the wear, from long
range drift as discussed above, or by an existing
body burden, Although conventrations of EDCs
drifting in might be extremely low, serum
concentrations of such compounds sufficient to
modify the actions of endogenvus hormones are
only in the pg/ml or ng/ml range {(Walshons of
gf, 1999 Reg of o, 2000 Deer and other wild
ungulates are nniquely valserable to xenobictic
chemicals carried on the wind, deposited on
vegetation, or dissolved in snow and  rain,
because they depend on the vegetation for food
and streamy and ponds for drinking water, and
because their esposure o the atmosphere is
continuous. Also, the suface film of standing
waler can serve as a concentrator of persistent
chiorinated pestivides {Seba and Corcoran, 1969;

ED_001560_00009150-00007



196

Seba and Snedaker, 1995) Moreover, many of
the pesticides of woncern  are  lipophilic
{chiprothalonil s sald to be an exception
Extinet, 1996) and can ascummlate wm faity
tissues; conseguently even small exposure doses
cant build up in the bodies of ungnlates over time.
Wor van the potential for synergistic effects of
exposure 1o two or more endoerine disruptors be
ignored,

For  these remsons, our  efforts o
understand  the  ultbrate  causes  of  the
developmental anomalies in BY  white—tailed
deer include not just locally-use pesticides but
others that may be boms on wind from more
distant regions. Methods for measuring the
transpot and fate of EDC's by atwmospherie
vectors, and thelr subsequent incorporatiog into
animal tissues, will, we hope, be the topic of
future research into the phenomenon of aberrant
sexual organ development veported herein,
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